under pentobarbital anesthesia (group 1). The pericardium was incised and the heart exposed. The proximal left circumflex coronary artery was carefully dissected free 1-2 cm from its origin to accept a ,uff occluder and a Doppler ultrasonic flow probe just proximal to the occluder. The artery was then briefly occluded to delineate the ischemic area. A pair of ultrasonic crystals for measurement of wall thickness was implanted across the left ventricular free wall in the center of the area intended to become ischemic. Another pair of crystals for measurement of wall thickness was implanted in a remote normal zone in the left anterior descending coronary artery distribution. A miniature solid-state pressure transducer (Konigsberg Instruments, Pasadena, Calif.) was implanted in the left ventricular cavity through an apical stab incision. Heparin-filled Silastic catheters (Dow Corning Co.) were implanted in the ascending aorta, pulmonary artery, and left atrium. All transducer wires and catheters were tunneled subcutaneously to the dorsal neck surface, exteriorized, and attached to the skin. After surgery, all animals were routinely placed on antibiotic therapy for 10 days. An interval of 2 weeks was allowed for the dogs to recover from this surgical procedure.
Six additional dogs were similarly instrumented but without a Doppler flow probe. A snare occluder was placed around the proximal left circumflex coronary artery, and the artery was acutely ligated. These dogs were studied between 3 and 10 days after permanent coronary ligation (group 2).
Preparation of Radionuclides
.'N was produced by irradiating approximately 2 ml of natural water with 18-MeV protons from the Cyclone 30 (30-MeV proton cyclotron, IBA, Louvain-la-Neuve, Belgium). The irradiation time was 10-20 minutes with a beam current of [15] [16] [17] [18] [19] [20] 1£A. After bombardment, the irradiated solution was transferred to an automatic processing module, where the 13N-labeled oxides were reduced to ammonia with 1 g of Devarda alloy mixed in 2.5 g NaOH. The ammonia leaving this hot mixture was trapped by bubbling through a sterile isotonic solution; before injection, this solution was automatically filtered through a 0.22-jtm Millipore filter. The radiochemical purity of [`3N]ammonia was determined within 4 minutes by high-performance liquid chromatography (400IC Vydac, strong cation exchange column); the analyses showed a radiochemical purity of >99.5%.
[`50]Water. was produced by irradiating natural oxygen with 28-MeV protons from the Cyclone 30. The irradiation time was 10 minutes with a beam current of 20-35 pA. After bombardment, the irradiated gas was transferred to an automatic processing module, in which it was mixed with hydrogen in an oven containing 2.5 g palladium (Pd) wire at 150C. The Pd-catalyzed reaction of oxygen with hydrogen produced the [150] water and natural water vapor that is trapped by bubbling through sterile isotonic water. The nearly quantitative transformation from 1502 into [15o]water was done within 3 minutes, filtration through a 0.22-pim Millipore filter included. Radionuclide purity was controlled by decay curve analysis. 
Experimental Protocol and Tomographic Procedure
Myocardial perfusion images were obtained with an ECAT III (model 911/01, CTI Inc., Knoxville, Tenn.) one-ring device, the characteristics of which have been described previously.26 Measurements were performed with a stationary ring, and images were reconstructed with a Hann filter (cutoff frequency, 0.4) at a nominal in-plane resolution of 9 mm full width at half maximum (FWHM). The collimator aperture was set at 30 mm, resulting in a slice thickness of 15 mm FWHM. The tomograph was cross-calibrated against a well counter using a uniform cylindrical phantom (diameter, 20 cm) filled with a solution of germanium 68.
The animals, who were trained to rest quietly on their right side, were placed on the camera table. Before each tomographic study, the best cross section through the left ventricle at the level of crystal implantation was identified by fluoroscopy, and the chosen reference level was marked on the chest skin with a light pen. To align these marks with the laser reference system of the tomograph, scanning acquisitions were performed with a 300 lateral rotation of the gantry. The dogs were mildly sedated with propionylpromazine (Combelene, Bayer). The hemodynamic parameters of arterial pressure, left ventricular pressure, heart rate, wall thickening, and Thirty serial cross-sectional images were acquired for 180 seconds (15 for 2 seconds and 15 for 10 seconds). A directly measured arterial input function was also obtained with an automatic system that continuously monitored the time-activity curve from the aortic catheter. This positron detection system consisted of a plastic scintillator (NE102; diameter, 45 mm; thickness, 4 mm) coupled to a photomultiplier tube (Philips 56AVP). Output signal was sent through a fast discriminator with a threshold set above the gamma background to a Canberra multichannel analyzer interfaced to the VAX-750 computer. To reduce dispersion, the arterial Teflon catheter was directly connected to an 80-cm extension tubing that was coiled twice and taped to the surface of the plastic scintillator. The other end of the tubing was connected via a three-way tap to a Harvard pump for blood withdrawal at a rate of 6 ml/min. The system was calibrated at the end of each study by counting a sample of whole blood in the well counter. No dead-time correction was needed at the observed counting rates. The dispersion within this external detection system was estimated by measuring the system response to a step input function and was reasonably well described by a monoexponential expression with a time constant of approximately 2 seconds. After the 3-minute tomographic acquisition, radioactive microspheres were injected into the left atrium, and blood was withdrawn from the aortic arch with a Harvard pump at a rate of 7.2 ml/min for a total of 150 seconds. Immediately after the withdrawal of microsphere reference blood samples, 10 mCi of [13N]ammonia was injected intravenously over a 20-second period with an infusion pump. Beginning with tracer injection, 28 serial cross-sectional images were acquired in a decay-compensated mode for 10 minutes (16 for 3 seconds, 10 for 12 seconds, and 2 for 240 seconds). In six studies, an arterial-tracer input curve was simultaneously determined manually by frequent arterial blood sampling. Immediately after the tomographic acquisition, another set of radioactive microspheres was injected into the left atrium for the second reference myocardial blood flow determination. At the end of this second reference flow measurement, coronary stenosis was released, and the adenosine infusion was stopped.
Two hours later, the left circumflex coronary artery was again partially occluded in group 1. The severity of the coronary stenosis was carefully adjusted to achieve severe hypokinesia to akinesia in the ischemic region but without complete coronary occlusion. The lack of Table 1 ). The corresponding regression equations are listed in Time-Activity Curve Measurements Figure 2 shows the good agreement in shape, timing of the initial bolus, and magnitude between the tomographic data obtained from the left ventricular region of interest (after correction for finite-resolution effects) and the in vitro data obtained directly from the aorta for two typical [13Nlammonia studies. Count rates in the left ventricular blood pool (given as counts per second in the region) ranged from 60,000 to 140,000 at the time of peak activity. Figure 6 shows three different methods for estimating flow with [13N]ammonia: the three-compartment model without correction for true ammonia activity in plasma, with an individual correction for each study, and with a correction based on the mean values for the nine studies. In Table 2 , the least-squares regression equations and the corresponding correlation coefficients are listed for the three methods. In the same table and in Figure 8 '24 In each study, the two regions of interest adjacent to the ischemic zone (one on each side) were excluded from the analysis to minimize the heterogeneity of flow. Table 3 The comparison of microsphere with PET estimates of flow was also made in regions of interest corresponding to akinetic segments during the five studies performed during more severe coronary stenosis in group 1. The myocardial thickness ranged from 8 to 11 mm (10±1 mm) during these studies, with a systolic wall thickening ranging from 0 to 6% (4±4%). The systematic error and the random variability were small and similar among the three methods (Table 4 ). In the small regions with regional akinesia, the highest proportion of valid fits was achieved with method 1 and an independent estimation for finite-resolution effects. A one-compartment model in which tracers in tissue and blood are assumed to be in equilibrium was used for flow estimation with ['50]water. Two different methods were compared with or without application of corrections for finite-resolution effects before the fit.
A prerequisite for the application of all these methods is to obtain an accurate arterial input function derived from dynamic image acquisition with PET. Our study confirms (Figures 2-4 Once the arterial input function has been accurately derived through PET, the kinetic models that we applied for both tracers need to be discussed. 
where Cm(t) is the tracer concentration in tissue (mCi/100 g), f is the regional blood flow (ml. 100 g1 min'), Ca(t) is the arterial blood concentration (mCi/ml), p is the partition coefficient of water (ml/g), k=f/p, and ( stands for convolution.
-In practice, because of finite spatial resolution of PET, the tracer concentration measured in a myocardial region of interest differs from the actual tissue concentration. First, the spillover effect leads to a contamination from ventricular blood activity into the myocardial region. This effect is particularly important in water studies because of the high level of activity in the heart chambers. Second, the partial volume effect, together with cardiac and respiratory movements, produces an underestimation of the tissue concentration. A way to correct for these effects is to include them as parameters in the operational equations. Different types of equations representing the same single-tissue-compartment model can be derived to account for these finite-resolution effects. 44 We tested one of these equations to fit our water data. This method (called method 1 in the text) has been validated by Bergmann et al. 22 In their formulation, Equation 1 becomes Cm(t)=Fmm * f * Ca(t)i®exp(-ken t)+TBV * Ca(t) where F,., is the myocardium recovery (this parameter is called fraction of water-exchanging tissue in References 21, 24, and 44) and TBV is the total fractional blood volume (vascular fraction plus spillover from blood pool into myocardium). In this method, a fixed value must be assumed for the partition coefficient (we used a value of 0.92 ml/g), and the three fitted parameters are F,,.,, f, and TBV.
Another approach consists of correcting the tissue timeactivity curves for finite-resolution effect before the fit. For that purpose, we developed a Monte Carlo method that allows the calculation of regional correction factors for spillover and partial volume both for blood and tissue regions of interest and that has been validated versus phantoms and in vitro measurements.32,33 This Monte Carlo simulation assumes a bi-Gaussian spatial resolution that takes into account the deterioration of resolution caused by wall motion. The shapes and sizes of blood pool and myocardium are determined by contours drawn on a selected image in which all the activity is concentrated in the myocardium. Because of the lack of contrast shown by water images, the contours in this study have all been drawn on a late [13N]ammonia image.
This approach has been tested on our water data (method 2) by correcting both tissue and blood time-activity curves for the finite-resolution effects before fitting the data to the singletissue-compartment water model. In this method, Equation 1 becomes Cm(t)=(1-BV) * f * Cafflogexp(-k * t)+BV * Caffl where BV represents the blood volume contained in the myocardial region. No assumed value is needed for the partition coefficient in this method, and the three fitted parameters are f, p, and BV.
The model used for [13N]ammonia data analysis is the three-compartment model described by Hutchins et al. 25 The model equation contains a term that represents the total fractional blood volume (vascular fraction plus spillover from blood pool into myocardium) like the one in method 1 of water data analysis, but it does not correct for partial-volume effect. Therefore, we compared the results given by the published model with the results obtained when we apply our Monte Carlo correction for finite-resolution effect to both tissue and blood time-activity curves before performing the fit.
